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5 Power Control Circuitry for a Mobile Terminal Application 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention generally relates to the field of automatic power control (APC) cir- 
10 cuitries used e.g. in the analog front end of a mobile transmitter. It particularly refers to 
different embodiments of a closed-loop power control circuitry integrated into the analog 
front end of a mobile transmitter and a corresponding method for controlling the radiated 
power level of an RF signal to be transmitted at the output port of a variable-gain power 
amplifier integrated into said mobile RF transmitter by performing an additional regulation 
15 of the APC loop's reference signal. 

In the last few years the demand for high-efficient power control circuitries applied to 
wireless communication devices has ever increased. One key task in closed-loop power 
control is the design of analog circuitries to be integrated in the analog front end of a wire- 

20 less RF transmitter which are used for controlling the output power P ottt of an RF signal x(i) 
to be transmitted over the time Ramping too fast results in an unwanted spread of the RF 
spectrum, and a too slow ramping violates prescribed time constraints. The output power 
Pom, which is usually supplied by a power amplifier (PA) at the output port of the wireless 
RT transmitter, is thereby set by an external control voltage V ctr h The relation between V ctr i 

25 and Pout is often nonlinear and influenced by temperature, tolerances, supply voltage, fre- 
quency and PA input power. To accomplish a sufficient stabilization of P ouh a power con- 
trol loop is needed, although some designers still use non-feedback concepts, e.g. by con- 
trolling the PA supply voltage. Such a control loop typically comprises an RF detector and 
a loop amplifier which is supplied by an input signal from a baseband controller. Conven- 

30 tional power control loop designs mainly differ in the respectively applied RF detector, but 
the loop amplifier also involves interesting design aspects. 



One important issue in power control loop design is the dynamic range. For a GSM-based 
mobile phone the maximum antenna power is 33 dBm, and the minimum power level is 5 
dBm. The detector dynamic must be significantly higher, e.g. greater than 34 dB, which is 
relatively close to what a good diode detector is capable of. Another reason for the need of 
a large dynamic range is that e.g. in a conventional TDMA-based communication system 
the power amplifier starts from "power-down" mode in which the RF level is determined 
by noise and cross talk. This level should be lower than about -48 dBm for the GSM sys- 
tem, which would result in a dynamic range of more than 70 dB. If a control V ctr i voltage is 
applied to the control input of the power amplifier, the output power P out increases. But due 
to the finite detector dynamic, the loop is not locked and at the point the detector responds 
a large overshoot may occur. 

Two issues make power control loop design a difficult task. One is that some power ampli- 
fiers are not very fast, which means that there might be a significant delay between a step 
AV c tri at the control input and the corresponding change AP 0 ut in output power. This limits 
the speed of the power control loop and can cause instabilities. The second problem is that 
power amplifiers and many detectors are nonlinear circuit elements. When a power control 
loop is built with an ideal linear detector and a linear loop amplifier, an ideal power ampli- 
fier would have a constant slope dP oug /dV cir i 9 but in reality dP 0Ut ldV ct ri is a function of the 
control voltage V ctr h which results in a bias-dependent overall loop gain and makes fre- 
quency compensation of the feedback system rather difficult. If the loop is stable, however, 
the circuit might be too slow for some power levels. 

The power amplifier is the component of a mobile transmitter that amplifies the RF signal 
x(t) to be transmitted to the necessary power level P out needed to drive the transmitting an- 
tenna. In most wireless communications systems, the power amplifier is the largest power 
consumer, usually because the amount of power that needs to be sent to the antenna (the 
power output) is itself very large. This does not include the total power that is consumed 
within the power amplifier, just the amount of power which is required to drive the an- 
tenna. The total power consumed by the power amplifier is necessarily greater than the 
power output, as there will always be some power consumed in the active devices and the 
peripheral circuitry. Since the power output specification itself is often larger than the 



power consumption of the rest of the blocks in the RF system and the power consumption 
of such a power amplifier will be higher than the specified power output, the power ampli- 
fier is decidedly the major power consumer of the system. 

Because the levels of power required to reliably transmit the modulated RF signal x(t) are 
often relatively high, there is a lot of power consumed within the power amplifier. In many 
wireless applications, the amount of power consumed by this amplifier is not critical; as 
long as the signal being transmitted is of adequate power, that is good enough. However, in 
a situation where there is only a limited amount of energy available, which is not sufficient 
for the transmission procedure, the power consumed by all devices must be minimized, so 
as to maximize the length of time for which that energy is available. 

The number of different classes of power amplifiers which are used today is too numerous 
to be counted, and they range from entirely linear to entirely non-linear, as well as from 
quite simple to inordinately complex. In PA terminology, a "linear" power amplifier is one 
which has a linear relationship between its input and output. Although a power amplifier 
may comprise transistors operating in a nonlinear fashion (e.g. in case a FET switches be- 
tween cut-off and saturation), it can still be considered linear. While nonlinear power am- 
plifiers feature a comparatively high efficiency, their nonlinearity causes the output signal 
to spread (due to intermodulation products, especially if there is a lot of phase noise in the 
local oscillator which will cause spreading of the input to the power amplifier). 

A typical power amplifier consists of several serial stages. Each stage is usually larger and 
more powerful than the previous one. As most of the quiescent current is drawn by the high 
power stages, which are not required for the low output power levels needed for wireless 
communication, means for bypassing high power stages when they are not required lead to 
a significant reduction of energy consumption. 

Since wireless telephones operate on battery power, it is also desirable that their transmit- 
ters operate as efficiently as possible to conserve power and extend battery life. Ideally for 
W-CDMA systems, such as those governed by the UMTS standard, power amplifier stages 
should be capable of efficient, linear operation in their required dynamic range. However, 



the prior art has not yet come close to the ideal, and many wireless telephones are having 
poor power management now. During low power transmissions, power is wasted by cas- 
caded amplifier stages that are not needed. Consequently, attempts have been made to by- 
pass unused stages. 

Under normal operating conditions, conventional wireless RF transceivers devices use an 
automatic power control (APC) circuit to control the output power of their amplification 
stages. The APC circuit found in most RF transceivers has an external connection that is 
intended to be connected to a linear power amplifier. After having detected the power of 
the modulated RF signal at the output port of the final power amplifier, said signal is con- 
verted to a DC voltage and fed back to a variable-gain intermediate frequency (IF) stage in 
order to keep the final output power constant over a long period of time. As the APC volt- 
age generation is done very early, the gain drift, which is caused by thermal drift, operating 
voltage deviation, etc., is not compensated by the circuit. Another option is to derive the 
APC voltage from the drive power of the final amplifier and feed it to the external APC 
input of the RF transceiver. The theory is that when the power amplifier becomes over- 
driven, it will produce a negative voltage that is fed back into the transceiver's APC cir- 
cuitry. This voltage acts as a gain control in the transmit stages of the transceiver which, in 
turn, automatically lowers the drive power (the transceiver's output power) and limits dis- 
tortion from the overdriven amplifier. 

Fig. la shows a schematic block diagram of a conventional APC loop 100a according to 
the state of the art, which is used for stabilizing the power at the RF output port 1 14b' of an 
analog circuitry realizing an RF signal generator. This circuit can also be used for execut- 
ing an amplitude modulation (AM). It comprises a frequency synthesizing unit 102' (FSU), 
a power divider 106" (e.g. a directional coupler), which feeds the reflected wave of the 
modulated RF output signal to a wideband detector diode 108', and an amplification stage 
112' whose output signal is fed to an electronically controlled attenuator 103', e.g. an am- 
plitude modulator stage which comprises current-controlled PIN diodes realizing a tunable 
resistor with hybrid microwave integrated circuit (MIC) technology. In case said RF signal 
generator is used for sweep-frequency applications, an external detector (not shown) is usu- 
ally applied in order to keep the power level at the input port of a tested RF unit constant. 
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Fig. lb shows a schematic block diagram of a QAM transmitter 100b for a wireless com- 
munication device in an EDGE-based communication environment comprising an APC 
loop 101 according to the state of the art, which is used for stabilizing the power level P out 
5 of the RF output signal at the transmit antenna 1 10 of the QAM transmitter 100b. Thereby, 
the output port of a comparator stage 112, supplied with a reference signal V rc f representing 
the nominal power level P re / for the power P om of the RF output signal x(t) 9 whose actual 
output power level is supplied by a directional coupler 106' and fed back to the APC loop 
101 by a wideband detector diode 108, is connected with the gain control input port of a 
10 variable-gain power amplifier 105, which controls the output power level P out of the QAM 
transmitter 100b. 

The complex-valued analog baseband signal xi P {t) (the complex envelope or equivalent 
low-pass signal of the real-valued RF band-pass signal x(t) to be transmitted) can thereby 
15 be written as follows: 



*lp(*) = '(') + j-q(t) = <*(t)- 
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i{t) :=Re{x LP {t)}, 
q{t) :=Im {x LP (t)}, 
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and j := ^J-l is the imaginary unit. Thereby, 



i (t) denotes the in-phase (I) component of x LP (t) in time domain, 
q (t) denotes the quadrature (Q) signal of x LP (t) in time domain, 



a (/) denotes the magnitude component of x LP (t) y which is given by 

the envelope of x{t), and 
(p (t) denotes the phase component of x LP {f) 9 which is also the phase 

component of x(t). 

i(t) and q(t) are directly up-converted from the baseband to an RF band by means of two 
modulator stages 104a and 104b, respectively, which are driven by a local oscillator 102 
providing a high-frequent carrier signal with a sinusoidal waveform 

Ciit)^ c(t):= A c -cos (27T-f LO -t), (2a) 

wherein A c (in Vw ) is the amplitude factor of the carrier signal c,</) and^o (in GHz) is 
the carrier frequency supplied by the local oscillator 102. A Hilbert transformer 104c, con- 
nected to one input port of the up-conversion mixer 104a, provides a 90-degree phase shift 
of the carrier signal c t {t) such that the carrier signal used for a direct up-conversion of the 
quadrature signal q(i) from the baseband to the RF band is given by 




= -A c .sin (27t-f LO t). (2b) 



Using x LP (t) (or i(t) and q(t\ respectively), the modulated RF signal x(t) to be transmitted 
can thus be written as follows: 

*(/) = Re{x L Me+ j2 * f "'}= i(t)- Ci (t) + q(t)-c,(t) 
= iifYcos {2x.f LO t) - q{f)-sin (lit • f LO t) (3) 

Before being transmitted, the obtained RF signal x{t) has to be amplified since a certain 
output power level P out is needed to reach a receiver at a certain distance. For this reason, a 
gain-controlled power amplifier 105 is needed. 



Due to the bursted nature of the RF power of a transmitted signal stream in the uplink of a 
TDMA-based communication system, the output power of a wireless RF transmitter has to 
be ramped up to an appropriate level or ramped down to zero between different time slots, 
respectively, such that the RF output power P oxU is constant during transmission in order to 
facilitate time-division multiplexing of different TDMA channels. A certain time before the 
transmission of the data starts, the mobile terminal increases the transmission power from 
zero to the desired output power level P out . This part of the respective time slot 75/ is called 
"ramp up". After the desired output power level P out is reached, the transmission of the data 
starts. This part of the respective time slot TSi is normally referred to as "useful part". The 
last part of TSi is then called "ramp down". 

Today, this ramp-up and ramp-down procedure for stabilizing the output power level P out 
of a QAM transmitter 100b is realized by means of an APC circuitry 101 according to the 
state of the art as depicted in Fig. lb. Thereby, the output port of a comparator stage 1 12 
supplied with a reference signal ^/representing the nominal power level P^/for the power 
Pout of the RF output signal and the actual output power level P out is connected to the gain 
control input port of a variable-gain power amplifier 105 controlling said output power 
level P out . The actual output power level P out is supplied either by direct measurement (as 
shown in Fig. lb, where a part of P out is coupled out by means of a directional coupler 106' 
and fed back to the APC loop 101 by means of a wideband detector diode 108) or by indi- 
rect measurement (e.g. by measuring the supply current of the power amplifier 105, which 
is direct proportional to the output power P out ). The measured voltage level V PD propor- 
tional to P out is then compared with the nominal voltage level V re f proportional to the power 
level P ref . If the actual power level P out is higher than the power level P ref of the reference 
signal, the gain G PA of the variable-gain power amplifier 105 is decreased in order to adjust 
P out . Vice versa, G PA is increased if P out is lower than P re /in order to adjust P out . During the 
"ramp-up" part the nominal power level P re /is increased, during the "ramp-down" part it is 
decreased, and during the "useful" part it remains stable. Since the APC loop 101 adjusts 
the output power level P out according to the power level P ref of the reference signal, the 
output power P out is ramped up or down, respectively, and remains at a predefined level 
during the "useful" part. 



Fig. 2a shows a block diagram 200a illustrating the principle of a conventional closed-loop 
power control circuitry for stabilizing the radiated power level P out of a modulated RF sig- 
nal x(t) to be transmitted at the output port of an integrated variable-gain power amplifier 
105, wherein said conventional closed-loop power control circuitry is realized as a current 
sense loop 101M according to the state of the art (here for the sake of simplicity called cur- 
rent sense APC loop). This current sense APC loop 100M can advantageously be applied to 
mobile RF transmitters which are equipped with a patch antenna. Said current sense loop 
10 1M is equipped with a microcontroller 202 (fiC) having an input port (2) supplied with a 
reference signal F^/ representing the nominal power level P re f for the output power P out of 
the RF signal x(t) to be transmitted and a further input port (1) supplied with a signal which 
is derived from a voltage drop Urm at a low-ohm resistor R M serving as a current sensor 
204 in the power supply line of the variable-gain power amplifier 105, wherein said voltage 
drop Urm is proportional to the DC supply current I PA of the variable-gain power amplifier 
105. The power control signal at the output port of said microcontroller 202 is low-pass- 
filtered and fed to a first input port (a power control input port) of the power amplifier 105. 
Moreover, the current sense APC loop 101M comprises a digital signal processing means 
20 1C which is used for providing a reference ramp signal V ramp which serves as said refer- 
ence signal V rc f. 

As depicted in Fig. 2b, which shows a technical realization 200b of the above-mentioned 
current sense APC loop 200a, said microcontroller 202 comprises an operational amplifier 
1 13 which is used for amplifying a signal derived from said voltage drop Urm and a com- 
parator stage 112" having a first input port supplied with a reference signal ^/represent- 
ing the nominal power level P ref for the output power P out of the RF signal x{t) to be trans- 
mitted as well as a second input port supplied with an amplified version of the signal which 
is derived from said voltage drop Urm. 



BRIEF DESCRIPTION OF THE STATE OF THE ART 



US 4,442,407 refers to a two-loop automatic level control (ALC) circuitry for a power am- 
plifier. Thereby, the power supply potential applied to the final stage of an RF amplifier is 
modulated by a first ALC loop in accordance with an error signal derived from a compari- 
son of a signal corresponding to the weighted sum of the magnitude of the supply voltage 
applied and the current drawn by the final amplifier and the amplitude of the modulating 
signal. 

US 6,563,385 B2 discloses a method and an apparatus for adjusting the DC bias of an RF 
amplifier in case of changing operating conditions, e.g. if multiple modulation techniques 
are applied and no RF signal is present. Thereby, to optimally bias an RF amplifier config- 
ured to amplify carrier signals modulated with two or more data modulation techniques, the 
bias point needs to be dynamically set depending on how the signal being amplified is 
modulated. 

US 5,603,106 reveals a transmission power control circuit which is not affected by the fre- 
quency dependency of the elements and which can be adjusted for all transmission power 
levels to be selected. The circuit comprises a control data table in which digital data of a 
monitor voltage depending on a transmission power level for a plurality of values of trans- 
missions frequency and a plurality of values of transmission power are stored. 

US 6,070,058 reveals a control loop for controlling the output power in order to avoid ex- 
ceeding a certain limit. The output power control system determines when the total output 
power exceeds an output power trigger level and automatically enters a saturation preven- 
tion mode such that the total output power is reduced through modification of a closed-loop 
power control register. In one embodiment of this invention, an output detector and an out- 
put comparator continuously monitor the output power, and in another embodiment of this 
invention an analog-to-digital converter samples output power levels. 
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EP 1 229 664 Al pertains to a mobile terminal with a warning system for the user in case 
that the energy radiation becomes to high and may damage a user's brain. 

SHORTCOMINGS OF THE STATE OF THE ART 

5 

The documents US 4,442,407, 6,563,385, US 5,603,106 and US 6,070,058 cited above do 
not handle the problem that when a subject comes close to the terminal antenna an ongoing 
call may be released. 

10 In EP 1 229 664 Al the reflected power of the transmit antenna is measured, but the docu- 
ment reveals no closed-loop control to automatically adjust the power level of an RF signal 
to be transmitted. 

OBJECT OF THE UNDERLYING INVENTION 

15 

In view of the state of the art cited above, it is the object of the present invention to provide 
a power control technique and a corresponding automatic power control (APC) circuitry for 
stabilizing the power level of a signal to be transmitted, wherein said APC circuitry should 
be able to adjust the radiated power such that an ongoing call is not released e.g. when the 
20 transmitting antenna is mismatched to a power amplifier. 

The aforementioned object is achieved by means of the features in the independent claims. 
Advantageous features are defined in the dependent claims. 

25 SUMMARY OF THE INVENTION 

The present invention proposes a closed-loop power control circuitry integrated e.g. into 
the analog front end of a mobile transmitter and a corresponding method for controlling the 
radiated power level P out of a modulated RF signal x(i) to be transmitted at the output port 
30 of a variable-gain power amplifier integrated into said mobile RF transmitter by performing 
an additional regulation of the APC loop's reference signal V re f. Thereby, it is proposed to 
increase the radiated RF power P out in case the transmit antenna of the transmitter is mis- 
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matched to said power amplifier in order to not release an ongoing call. If there is a subject 
very close to the terminal antenna, the antenna load is changed and the increased reflected 
signal is measured. In a closed loop this increased reflected signal is mixed with a reference 
ramp signal V ramp which is used to calculate a reference signal V rc f representing the nominal 
5 power level P rc / for the power P out of the modulated RF signal x{t) to be transmitted, which 
leads to an increasing of the radiated power and prevents said call from being released. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Advantageous features, aspects, and useful embodiments of the invention will become evi- 
dent from the following description, the appended claims, and the accompanying drawings. 



Thereby, 



Fig. la 



shows a schematic block diagram of an analog RF signal generator com- 
prising a conventional automatic power control (APC) loop according to 
the state of the art which is used for stabilizing the power level P out at the 
output port of an RF signal generator, 



Fig. lb 



shows a schematic block diagram of a QAM transmitter having an auto- 
matic power control (APC) circuitry according to the state of the art that is 
used for stabilizing the power level P ou t at the output port of a QAM trans- 
mitter, 



Fig. 2a 



is a block diagram illustrating the principle of a conventional closed-loop 
power control circuitry which is realized as a current sense loop according 
to the state of the art (in the following called current sense APC loop), 



Fig. 2b 



is a block diagram that shows a technical realization of this current sense 
APC loop depicted in Fig. 2a, 



Fig. 3a 



is a block diagram illustrating the principle of the proposed current sense 
APC loop according to one embodiment of the present invention, 
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Fig. 3b is a block diagram showing a digital implementation of the proposed cur- 

rent sense APC loop according to the embodiment depicted in Fig. 3a, 

Fig. 3c is a block diagram showing an analog implementation of the proposed cur- 

rent sense APC loop according to said embodiment depicted in Fig. 3a, 

Figs. 4a+b are two parts of a flow chart illustrating a method for stabilizing the power 
level P out of a modulated RF signal x(t) to be transmitted by the mobile 
transmitter of a wireless communication device according to the present in- 
vention in order to prevent ongoing calls from being released in case the 
transmitting antenna of said transmitter is mismatched to said power am- 
plifier, and 

Figs. 4c+d are two parts of the flow chart depicted in Figs. 4a+b which illustrate the 
step of calculating a reference signal V re f representing the nominal power 
level P ref for the RF power P out of a modulated RF signal x(t) to be trans- 
mitted according to two alternatives of the present invention. 



DETAILED DESCRIPTION OF THE PRESENT INVENTION 



In the following, different embodiments of the present invention as depicted in Figs. 3a-c 
5 and 4a-d shall be explained in detail. The meaning of all the symbols designated with refer- 
ence signs in Figs, la to 4d can be taken from an annexed table. 



One embodiment of the invention refers to a closed-loop power control circuitry consisting 
of two closed-loop circuits 101M and 101N integrated into the analog front end of a mobile 
10 RF transmitter 300a as depicted in Fig. 3a which are used for stabilizing the radiated power 
level P out of an RF signal x(i) to be transmitted at the output port of a variable-gain power 
amplifier 105 integrated into the transmitter. Said power control circuitry 101M+N thereby 
comprises a current sense loop 101M for compensating instabilities of the power amplifier 
105 caused by temperature drifts dT/dt or battery voltage drifts dU batt Idt, etc. This current 
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sense loop 101 M features an integrated microcontroller 202 (ixC) having one input port (2) 
supplied with a reference signal ^/representing the nominal power level P r <,/for the out- 
put power P out of the RF signal x{t) to be transmitted and a further input port (1) supplied 
with a signal which is derived from a voltage drop Urm at a low-ohm resistor R M serving as 
a current sensor 204 in the power supply line of the power amplifier 105, wherein said volt- 
age drop Urm is proportional to the DC supply current I PA of the variable-gain power am- 
plifier 105. The output signal of said microcontroller 202 is fed to the first input port (the 
power control input port) of the variable-gain power amplifier 105. Furtheron, the power 
control circuitry 101M+N is equipped with a digital signal processing means 20 1C for pro- 
viding a reference ramp signal V ramp used for calculating said reference signal V ref . To pre- 
vent an ongoing call from being released in case the transmit antenna 110 of the mobile RF 
transmitter 300a, 300b or 300c is mismatched to said power amplifier 105, said transmitter 
comprises means for performing an additional regulation of the power control loop's refer- 
ence signal V re / 9 in particular decoupling means 106 (such as a directional coupler 106' or a 
circulator 106") at the output port of the power amplifier 105 for providing a DC feedback 
signal V PD representing the reflected wave of the RF signal x{t) to be transmitted, power 
sensing means 108 for detecting the RF power of the DC feedback signal V PD , and a feed- 
back loop 101N for feeding a reference signal V ref derived from said DC feedback signal 
V PD to the first input port of said comparator stage 112" in order to increase the radiated 
power P out of said RF signal x(t) in case of an antenna mismatch. 

As depicted in Figs. 3b+c, which show a digital realization 300b and an analog realization 
300c of the above-mentioned current sense APC loop 200a, respectively, said microcon- 
troller 202 comprises an operational amplifier 113 which is used for amplifying a signal 
derived from said voltage drop Urm and a comparator stage 112" with a first input port 
supplied with a reference signal V ref representing the nominal power level P ref for the out- 
put power Pout of the RF signal x(i) to be transmitted and a second input port supplied with 
an amplified version of the signal which is derived from said voltage drop Ura{. 

According to the central idea of the present invention, said feedback loop 10 IN comprises 
analog and/or digital signal processing means 301a, 301b, 301b', 301c and 302 for calcu- 
lating said reference signal V ref from the detected DC feedback signal V PD . As depicted in 
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Fig. 3c, which exhibits an analog implementation of the proposed current sense APC loop 
101M+N according to the embodiment 300a depicted in Fig. 3a, said analog signal proc- 
essing means comprise a multiplier 301b for multiplying an amplified, analog-to-digital- 
converted, amplitude-limited and normalized version K-Gop'Vpd of said DC feedback sig- 
nal V PDy wherein K is a normalization factor (in V' 1 ) and Gop denotes the gain factor of an 
operational amplifier 303 in said feedback loop 101N, by the reference ramp signal V ramp , 
as well as a summation element 301a used for adding the output signal V ra mpK'Gop-Vp D of 
the multiplication element 301b to the reference ramp signal V ramp , thereby yielding said 
reference signal V re f. As depicted in Fig. 3b, which shows a digital implementation of the 
proposed current sense APC loop 101M+N according to the embodiment depicted in Fig. 
3a, said digital signal processing means 20 1C comprises a multiplication element 301b' for 
multiplying a gain factor % := 1 + K-Gop'Vpo supplied by a gain factor control unit 301c by 
the reference ramp signal V ramp , thus yielding said reference signal V ref . 

In case there is no close subject to the antenna 1 10 of the transmitter 300a (300b, 300c), the 
antenna load is nominal and V PD is very small such that % is almost equal to 1, the output 
signal of the multiplier 301b is almost equal to zero and V ref is almost equal to V ra mp. Oth- 
erwise, if there is a subject very close to the antenna 110, the antenna load is changed and 
V PD is increased. If the gain factor Gop of the operational amplifier 303 is not set to zero, % 
is greater than 1 (for K > 0), V PD is amplified by said operational amplifier 303 and, in case 
V PD exceeds a predefined threshold V thr esh> V PD is amplitude-limited by the limit level con- 
trol unit 302. Hence, the output signal of said multiplier 301b is much greater than zero and 
V ref \s increased compared to V ramp . As shown in Fig. 3a, the values of AT, Gop and V thresh 
can individually be set by a control unit 201 in order to tune said feedback loop 101N. 

A further embodiment of the present invention, which is illustrated by the flow chart de- 
picted in Figs. 4a-d, refers to a method for stabilizing the power level P out of a modulated 
RF signal x(t) to be transmitted at the output port of a variable-gain power amplifier 105 
integrated into a mobile RF transmitter 300a, 300b or 300c of a wireless telecommunica- 
tion device in order to prevent an ongoing call from being released in case the transmit an- 
tenna 110 of said transmitter 300a, 300b or 300c is mismatched to said power amplifier 
105. After having detected (SI) the voltage level V PD of a DC feedback signal which repre- 
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sents the reflected wave of said RF signal x(t) y a reference signal V re / representing the 
nominal power level P rc /for the output power P out of the RF output signal x(t) is calculated 
(SI A) as a function of a reference ramp signal V ramp , supplied by a digital signal processing 
means 20 1C integrated into said transmitter, and the DC feedback signal V PD . After that, 
the obtained reference signal V rc f\s fed (S2) to a first input port of a comparator stage 112" 
in the feedback chain of the current sense loop 101M. Simultaneously, the DC supply cur- 
rent I p A of the power amplifier 105 is measured (S3) by sensing a voltage drop U RM pro- 
portional to the DC supply current I PA at a low-ohm resistor R Af serving as a current sensor 
204 that is placed in the power supply line of the variable-gain power amplifier 105. Then, 
a signal derived from this voltage drop Urm is fed (S4) to a second input port of said com- 
parator stage 112" and compared (S5) with the voltage level of said reference signal V ref . 
Thereafter, a signal proportional to the difference (Urm - V rc j) between the signal derived 
from said voltage drop Urm and the calculated reference signal F re /is fed (S6) to a first in- 
put port (the power control input port) of the power amplifier 105 such that the actual 
power level P out can be adjusted (S7) by amplifying the low-pass- filtered difference be- 
tween the output signal of said comparator stage 112" and the RF signal x(t) to be trans- 
mitted before being amplified at a second input port of the variable-gain power amplifier 
105. 

According to a first alternative of this embodiment, the step of calculating (SI A) said ref- 
erence signal V re f?iS a function of a reference ramp signal V ra mp and the aforementioned DC 
feedback signal V PD representing the reflected wave of the RF signal x(i) to be transmitted 
is realized by the steps of multiplying (SI a') an amplified, analog-to-digital-converted, am- 
plitude-limited and normalized version K-G 0 p'V PD of the DC feedback signal V PD , wherein 
Gop denotes the gain factor of an operational amplifier 303 in said feedback loop 10 IN and 
K is a normalization factor (in V" 1 ), by the reference ramp signal V ramp and adding (SI a") 
the output signal V ramp K*G 0 p-V PD of the multiplication step (SI a') to the reference ramp 
signal V ramp9 thereby yielding said reference signal 



Vref{V P D, Vramp) = Vramp + V ramp *K'G 0 P'V PD = V ram p% (4a) 

withx := 1 +K-Gop'V pd . (4b) 
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According to a second alternative of this embodiment, said calculation step (SI A) is real- 
ized by the step of multiplying (Sib) a gain factor j£ ;= 1 + K'Gop'Vpd **s defined in equa- 
tion (4b), which is supplied by a gain factor control unit 301c, by the reference ramp signal 
thus yielding said reference signal F^/as given by equation (4a). 

Finally, a still further embodiment of the present invention pertains to a mobile RF trans- 
mitter 300a, 300b or 300c which comprises a closed-loop power control circuitry 101M+N 
as described above. 
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Sony Ericsson 
P28330EP 



Table: Depicted Features and Their Corresponding Reference Signs 



No. 


Technical Feature (System Component or Procedure Step) 


100a 


schematic block diagram of an analog RF signal generator comprising a conventional 
automatic power control (APC) loop 10 IS according to the state of the art which is 
used for stabilizing the power level P out at the output port of the RF signal generator 
100a, characterized in that the output signal of a comparator stage 1 12' supplied with 
a reference signal ^/representing the nominal power level Pre/for the desired output 
power level of the RF output signal x(t) y whose actual output power level P out is sup- 
plied by a directional coupler 106' and fed back to the APC loop 101S by a wideband 
detector diode 108', is fed to the control input port of an electronically controllable 
attenuator 103' controlling said output power level P out 


100b 


schematic block diagram of a QAM transmitter having an automatic power control 
(APC) circuitry 101 according to the state of the art which is used for stabilizing the 
power level r ou t at tne output port ot trie i^A-M transmitter iuut>, wherein the output 
port of a comparator stage 112 supplied with a reference signal V re f representing the 
nominal power level P ref for the power P ou( of the modulated RF signal x(t) to be 
transmitted, whose actual output power level is supplied by a directional coupler 106' 
and fed back to the APC loop 101 by a wideband detector diode 108, is connected to 
the gain control input port of a variable-gain power amplifier 105 controlling the out- 
put power level P out 


101 


automatic power control (APC) loop of the QAM transmitter 100b according to the 
state of the art (cf. Fig. lb) which is used for stabilizing the power level P out at the 
output port of the QAM transmitter 100b, characterized in that the output signal of a 
comparator stage 1 12 supplied with a reference signal ^/representing the nominal 
power level P re /for the output power P out of the modulated RF signal x(t) y whose 
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No. 






actual output power level P out is supplied by a directional coupler 106' and fed back 
to the APC loop 101 by a wideband detector diode 108, is fed to the gain control in- 
put port of a variable-gain power amplifier 105 controlling the power level P om of the 
RF output signal x(i) 


101S 


APC loop of the RF signal generator 100a according to the state of the art (cf. Fig. 
la) which is used for stabilizing the power level P out at the output port of the RF sig- 
nal generator 100a, characterized in that the output signal of a comparator stage 1 12' 
supplied with a reference signal f^/ representing the nominal power level /^/for the 
output power P out of the modulated RF signal x{t) to be transmitted, whose actual 
output power level P ollt is supplied by a directional coupler 106' and fed back to the 
APC loop 101S by a wideband detector diode 108', is fed to the control input port of 
an electronically controllable attenuator 103' controlling the power level P out of the 
RF output signal x(t) 


101M 


current sense (APC) loop of a mobile transmitter 300a (300b, 300c) according to the 
state of the art (cf. Figs. 2a+b and 3a-c) which is used for stabilizing the power level 
P out at the output port of the mobile transmitter 200a (200b) or 300a (300b, 300c), 
characterized in that the output signal of an integrated comparator stage 112" having 
a first input port supplied with a reference signal f^/ representing the nominal power 
level P ref for the desired output power level of the RF output signal x(t) and a second 
input port supplied with a signal derived from a voltage drop Urm at a low-ohm re- 
sistor R M serving as a current sensor 204 which is placed in the power supply line of 
an integrated variable-gain power amplifier 105, said voltage drop Urm being pro- 
portional to the DC supply current I PA of the variable-gain power amplifier 105, is fed 
to a first input port (the power control input port) of a variable-gain power amplifier 
105 controlling the power level P out of the RF output signal x(t) 


101N 


ivwuuaoA. luup u&cu iui iccuuig <x iciciciicc Mgudi v re j representing me nominal power 
level P ref for the desired output power level of the RF output signal x(t) to the first 
input port of the comparator stage 112", said reference signal V ref being calculated 
from a DC feedback signal V PD representing the reflected wave of the RF signal x(t) 
to be transmitted supplied by a power sensor 106 in form of a directional coupler 
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Technical Feature (System Component or Procedure Step) 




106' or a circulator 106" and sensed bv a wideband detertnr rlinrlp 1 0R" 


102 


local oscillator (LO) in the modulator stage 104 of the QAM transmitter 100b, which 
provides a sinusoidal oscillator signal c(t) with a tunable frequency 


102' 


local oscillator (LO) of the RF signal generator 100a, which provides the amplitude 
modulator stage 103' with a sinusoidal oscillator signal c(t) 




ciccironiuaiiy conironauie attenuator 01 me ivr signal generator iUUa, e.g. an ampli- 
tude modulator stage comprising current-controlled PIN diodes realizing a tunable 
resistor with hybrid microwave integrated circuit (MIC) technology, which is used 
for attenuating the power level P c of the oscillator signal supplied by the local oscil- 
lator 102' 


104 


modulator stage of the QAM transmitter 100b, comprising two up-conversion mixers 
lu^fa-r-D, anven oy tne local oscillator lUz, lor directly up-converting the m-phase (I) 
and quadrature (Q) signal of a signal to be transmitted from the baseband to an RF 
band, a 90-degree phase shifter 104c, connected to one input port of the up-conver- 
diun niiA^i iw+a, dim a buiiiiiidLiun cienieni ium-u ior comuining tne ivr output signals 
of the two up-conversion mixers 104a and 104b 


104a 


1 st up-conversion mixer of the modulator stage 104, driven by the local oscillator 
ivzr, lui uncuiiy up-convening tne quadrature ^v^j signal 01 a signal to oe transmitted 
from the baseband to an RF band 


104b 


HD-POTI VPfQintl TY\ 1 "V f*Y nf* tHf* m r\r?n 1 cxtnr e tra erf* 1 O/l t-i x/^t-i Kir tVi*» Irvnol rkn/^illn+Ao 

^ up ^uiivci&iuii iiiiAci ui iiic iiiuuuiaior 5>id.ge iv L r, unven oy tne local oscillator 
102, for directly up-converting the in-phase (I) signal of a signal to be transmitted 
from the baseband to an RF band 


104c 


90-degree phase shifter (Hilbert transformer) of the modulator stage 104, connected 
to one input port of the up-conversion mixer 1 04a 


104d 


summation element of the modulator stage 104, used for combining the RF output 
signals of the two up-conversion mixers 104a and 104b 


105 


variable-gain power amplifier (PA), used for controlling the power level P out of the 
RF signal x(t) to be transmitted at the output port of the QAM transmitter 100b (the 
mobile transmitter 200a, 200b, 300a, 300b, or 300c), its gain factor G PA being con- 
trolled by the output signal of the comparator stage 1 12 (or an input signal derived 
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Technical Feature fSvstem Comnonent or Procedure Stpn^ 




from a voltage drop £/*a/ at a low-ohm resistor R M serving as a current sensor 204 
which is placed in the power supply line of the variable-gain power amplifier 105, 
said voltage drop U RM being proportional to the DC supply current I PA of the vari- 
aoie-gain power ampniier ild, oeing supplied t>y the comparator stage 112 ) 


106 


decoupling means (RPS) at the output port of the variable-gain power amplifier 105, 
realized as a directional coupler 106' or a circulator 106", which provides the feed- 
oacK cnain or tne ieedDacK loop lUlJN witn the extracted DC teedback signal Vpo 
representing the reflected wave of the RF signal x(t) to be transmitted 


106' 


directional coupler at the output port of the variable-gain power amplifier 105, which 
provides tne Art loop lUlo (lUlj witn tne extracted DC feedback signal Vpd repre- 
senting the reflected wave of the RF signal x(t) to be transmitted 


iuo 


circulator at the output port of the variable-gain power amplifier 105, which provides 
the feedback chain of the feedback loop 101N with the extracted DC feedback signal 
v pd representing me reiiectea wave 01 tne ivr signal xyt) to be transmitted 


108 


wideband detector diode in the feedback chain of the APC loop 101, used for detect- 
uig me dciuai ivr power level 01 saia jljc ieeaDacK signal V p& 


108' 


wideband detector diode in the feedback chain of the APC loop 101 S for detecting 
mu dciuai rvr power icvei 01 saiQ ieeaDacK signal K p£> 


108" 


wideband detector diode in the feedback chain of the feedback loop 10 IN, used for 
detecting the actual RF power level of said DC feedback signal V PD 


1 vOE 


external automatic power control (AJrCj detector (not shown) tor detecting the actual 

yyj w t/i icvei * out 01 bditi L/V^ icCUDdtK Slgnd.1 ^ pp 


109' 


controllable current source of the RF signal generator 100a for generating a current I G 
whose strength is direct proportional to the nominal value P re /of the desired output 
Dower level 


110 


transmit (Tx) antenna of the QAM transmitter 100b 


112 


comparator stage in the APC loop 101 of the QAM transmitter 100b, supplied with a 
reference signal V ref representing the nominal power level P ref for the desired output 
power level of the RF output signal, whose actual output power level P out is supplied 
by a directional coupler 106' and fed back to the APC loop 101 by a wideband de- 
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tector diode 108, wherein the output signal of said comparator stage 1 12 is fed to the 
gain control input port of the power amplifier 105 (cf. Fig. lb) 


112' 


comparator stage in the APC loop 101S of the RF signal generator 100a, supplied 
with a reference signal V rcf representing the nominal power level P ref for the desired 
output power level or tne Kr output signal, whose actual output power level P out is 
supplied by a directional coupler 106' and fed back to the APC loop 101S by a wide- 
band detector diode 108\ wherein the output signal of said comparator stage 112' is 
fed to the gain control input port of the electronically controllable attenuator 103' (cf. 
Fig. la) 


110" 


comparator stage in tne AFC loop 101M of the mobile transmitter 300a (300b, 300c), 
supplied with a reference signal ^/representing the nominal power level P re/ for the 
desired output power level of the RF output signal, whose output signal is fed to a 
first input port (the power control input port) of the variable-gain power amplifier 
105 (cf. Figs. 3a-c) 


113 


operational amplifier (OP Amp), which is used for amplifying a signal to be fed to 
me secona input port 01 tne comparator stage 112 , said signal derived from a volt- 
a^c uiup l//?a/ ai a. low-onm resistor a^/ piacea m tne power supply line ot the van- 
auii/ g^aiii puwci miipiiiici wiicrcui bdiQ voitdge cirop Uji\f is proportional to trie 
DC supply current I PA of the variable- gain power amplifier 105 sensed by the current 
sensor 204 


114a' 


RF innut nort of the RF <?iorm1 creneratnr 10fta for tVi«=» pYtpmol a v>f~* A oto^frtr inoc 
AVA input pui t ui uiu jvi/ di^iidi ^ciiciaLux ixjyja lur me cAierndl ArL/ (leiector lUcSri 


114b' 


RF outnut nort of thp RF* Qicm^l apnpMtnr 1 00a 


200a 


block diagram illustrating the principle of a conventional closed-loop power control 
circuitry realized as a current sense loop according to the state of the art (in the fol- 
owinsz called current cerise APC Innn^ 


200b 


block diagram showing a technical realization of this current sense APC loop 200a 


201 


baseband block of the BB DSP 20 1C, which provides a reference ramp signal V ramp 
for calculating a reference signal ^/representing the nominal power level P ref fox the 
desired output power level of the RF signal x(t) to be transmitted 


201a 


digital-to-analog converter (DAC) of the BB DSP 201 C 
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201b 


analog- to-digital converter (ADC) of the BB DSP 20 1C 


201C 


uaauuanu ui^nai bi^uai piuLCbsur ^r>r> uorj, comprising ihc Daseoanu diock ior pro- 
viding the reference ramp signal V ramp and said digital-to- analog converter 201a 


202 


microcontroller (jiC) in the APC loop 101M of the mobile transmitter 300a (300b or 
JW W> oaiu liiiL/HJuuiuruiiLr zuz, reaii/cing saiu operational ampiiner i u ana saicl 
comparator stage 112" 


203 


low-pass filter (LPF), used for filtering the output signal of the comparator stage 
1 12" to be fed to the first input port (the power control input port) of the variable- 
5"iu puwer cirnpniier lkjd 


204 


current sensor, realized as a low-ohm resistor R Af which is placed in the power supply 
line 01 me vanaoie-gain power ampliiier lln, lor measuring the DC supply current 
I PA of the variable-gain power amplifier 105 by sensing a voltage drop Urm propor- 
nuixai iu liic supply cuiiciii lp^ at saiu. low-ojini resistor 


300a 


block diagram illustrating the principle of the proposed current sense APC loop 
luiivixiN acL/uiunig iu uiic dinooQiment 01 me present invention 


300b 


block diagram showing a digital implementation of the proposed current sense APC 
loop 101M+N according to said embodiment 300a 


300c 


block diagram showing an analog implementation of the proposed current sense APC 
loop 101M+N according to said embodiment 300a 


301a 


summation element, used for adding the output signal V ra mp KG 0 p' V PD of the multi- 
plication element 301b, wherein K denotes a normalization factor (in V' 1 ), to the ref- 
excuse i<xiiiy Mgiidi v ramp generdieu oy tne Daseoanu diock zui, tnereoy yielding a 
reference signal V ref = V ramp + V ramp K'Go P 'V P o = Vramp X (with x := 1 + KG OP V PD ) 
representing the nominal power level P re /for the desired output power level of the RF 
output signal fed back to the APC loop 101M via the feedback chain of said feedback 
loop 101N 


301b 


multiplier, used for multiplying an amplified, analog-to-digital-converted, amplitude- 
limited and normalized version KG 0 p- V PD of the DC feedback signal V PD represent- 
ing the reflected wave of the RF signal x(i) to be transmitted, wherein G 0 p denotes 
the gain factor of the operational amplifier 303 in the feedback loop 10 IN and AT is a 
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normalization factor (in V" 1 ), by the reference ramp signal V rnmo 


301b' 


multiplication element, used for multiplying a gain factor % := 1 + KG OP V PD sup- 
plied by the gain factor control unit 301c by the reference ramp signal V ramp generated 
by the baseband block 201 


301c 


gain factor control unit of the BB DSP 20 1C, which provides said gain factor % 


302 


limit level rontrnl unit nf the RR P)Qt> 9H1 C* Fnr limitinrr tVir» ownlitn^fl ^f* *u „ ~ ~~ ~ i : 
limit iv/vu isuuuui uuu ui me do uiDL zuiL/ lor iimiiing me ampniuue oi me ampli- 

fied DC feedback signal V PD representing the reflected wave of the RF signal x(t) to 

be transmitted 


303 


operational amplifier (OP Amp) having the gain factor Gop, which is used for ampli- 
fying said DC feedback signal V PD 


400a 
400b 


iirsi ana secona pan oi a now cnart illustrating a method tor stabilizing the power 
level P out of a modulated RF signal x(i) to be transmitted by the mobile transmitter 
300a, 300b or 300c of a wireless communication device according to the present in- 
vention to prevent an ongoing call from being released in case the antenna 1 10 of 
said transmitter 300a, 300b or 300c is mismatched to said power amplifier 105 


400c 


pan ox me now cnan depicted in rigs. 4a-ro, wnicn illustrates the step ot calculating 
(SI A) said reference signal V re f^s a function of a reference ramp signal V ramp and the 
aforementioned DC feedback signal V PD representing the reflected wave of the RF 
signal x(i) to be transmitted according to a first aspect of the present invention real- 
ized by the substeps SI a' and SI a" 


400d 


jan ui uic iiuw uiiari uepiciea in rigs. 4a^o, wnicn illustrates tne step oi calculating 
(SI A) said reference signal V ref ?LS a function of a reference ramp signal V ramp and the 
aforementioned DC"! feedHack* Clonal Z/nn. rF»r>rp»c^nti n a fh*=» r<=>f1*=»r»t*»rl u/n^m ^p+v*^ tdt? 

uiviviuwiuuuuu A-/v_y i ^ u. u av^ rv oi^iiai r p/) I epi CoCIlLlIlg U1C IClieClCQ Wave OI tne rvT 

signal x(/) to be transmitted according to a second aspect of the present invention 
realized by step Sib 


S 


switch of the RF signal generator 100a for selectively choosing an internal APC de- 
tector 108' or an external APC detector 108E 


SI 


step #1: detecting the voltage level V PD of a DC feedback signal representing the re- 
flected wave of an RF signal x(i) to be transmitted 


S1A 


step #1 A: calculating a reference signal ^/representing the nominal power level P ref 
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for the output power P ou , of the RF output signal x(t) as a function of the reference 
ramp signal V mmp supplied by the digital signal processor 20 1C and said DC feedback 
signal V PD 


Sla' 


step #la': multiplying an amplified, analog-to-digital-converted, amplitude-limited 
anu normalized version K'Lrop Vpd oi tne DC leeaDacK signal Kp£> representing the 
reflected wave of the RF signal x(t) to be transmitted by a reference ramp signal V ra m P 
generated by a baseband block 201, wherein Gop denotes the gain factor of an opera- 
tional amplifier 303 used for amplifying said DC feedback signal V PD and AT is a 
normalization factor (in V* 1 ) 


Sla" 


step #la": adding the result V r ampK-Gop % V PD of the multiplication step Sla* to the 
reference ramp signal V ram p, thus yielding a reference signal 

VrefiVpo, Vramp) = Vramp + V r ampK'G 0 P'VpD = Kamp'X 

(witnx •= l + fctrop Vpd) 

representing the nominal power level /%/-for the desired output power level of the RF 
signal x(i) to be transmitted whose reflected wave is fed back to the APC loop 101M 
via the feedback chain of said feedback loop 101N 


Sib 


step #lb: multiplying a gain factor % := 1 + K-Gop'Vpd supplied by the gain factor 
control unit 301c, wherein Gop denotes the gain factor of the operational amplifier 
303 and AT is a normalization factor (in V' 1 ), by the reference ramp signal V ramp gen- 
erated by the baseband block 201, thus yielding a reference signal 

Vref\VPD-> Vramp) — VrampX" Vramp + V ramp & V OP V PD 

representing the nominal power level P re / for the desired output power level of the RF 
signal x(t) to be transmitted whose reflected wave is fed back to the APC loop 101M 
via the feedback chain of said feedback loop 101N 


S2 


step #2: feeding the obtained reference signal V re /to a first input port of a comparator 
stage 1 12" in the feedback chain of the automatic power control loop 101M 
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S3 


step #3: measuring the DC supply current I PA of the variable-gain power amplifier 
105 bv sensine a voltaoe dron r/»«/nronortiona1 to the DC siinnlv current Tr., nf n 
low-ohm resistor #a/ serving as a current sensor 204 which is placed in the power 
supply line of the variable-gain power amplifier 105 


S4 


step #4: feeding a signal derived from this voltage drop Urm to a second input port of 
said comparator stage 112" 


S5 


StCD it-S' COmnnrincr the voltape level nf the ^icmnl rleriveH Frnm c^irl \m\i?*cro rlrr^r* J J 

rr *- / * v/uni|7aiiiig uiv* v Lclfc^ it/Vt'l yJ 1 o I glial ULllvtU IIUIII odlCl VUllcigG QTOp (J 

with the voltage level of said reference signal V ref 


S6 


step #6: feeding a signal proportional to the difference (Urm - V re j) between the signal 
derived from said voltage drop C/^and the calculated reference signal V ref io the first 
input port (the power control input port) of the power amplifier 105 


S7 


step #7: adjusting the actual power level P out by amplifying the low-pass-filtered dif- 
ference between the output signal of said comparator stage 1 12" and the RF signal 
x(i) to be transmitted before being amplified at the second input port of the variable- 
gain power amplifier 105 



